A Bowen ratio energy balance was conducted over a Tamarix ramosissima (saltcedar) stand growing in a riparian corridor along the Virgin River in southern Nevada. Measurements in two separate years were compared and contrasted on the basis of changes in growing conditions. In 1994, a drought year, record high temperatures, dry winds, and a falling water table caused partial wilt of outer smaller twigs in the canopy of many trees in the stand around the Bowen tower. Subsequently, evapotranspiration (ET) estimates declined dramatically over a 60-day period (11 mm d -1 to <1 mm d-l). In 1995, the Virgin River at the Bowen tower area changed its course, hydrologically isolating the Tamarix stand in the vicinity of the tower. In 1996, a 25% canopy loss was visually estimated for the Tamarix growing in the area of the tower. Higher soil temperatures relative to air temperatures were recorded in 1996 in response to this loss in canopy. With a more open canopy, thermally induced turbulence was observed in 1996. On day 160 of 1996, a 28øC rise over a 9-hour period was correlated with increased wind speeds of greater than 4 m s -1. Subsequently, higher ET estimates were made in 1996 compared to 1994 (145 cm versus 75 cm). However, the energy balance was dominated by advection in 1996, with latent energy flux exceeding net radiation 65% of the measurement days compared to only 11% in 1994. We believe this advection was on a scale of the floodplain (hundreds of meters) as opposed to regional advection, since the majority of wind (90%) was in a N-S direction along the course of the river, and that a more open canopy allowed the horizontal transfer of energy into the Tamarix stand at the Bowen tower. Our results suggest that Tamarix has the potential to be both a low water user and a high water user, depending on moisture availability, canopy development, and atmospheric demand, and that advection can dominate energy balances and ET in aridland riparian zones such as the Virgin River.
Introduction
Tamarix ramosissima (saltcedar) has invaded much of the riparian habitat in the southwestern United States. Monospecific stands of Tamarix, -30 years in age, now dominate a 1.2-km-wide floodplain surrounding the lower stretches of the Virgin River in southern Nevada. Only remnant pockets of willow (Salix exigua and Salix gooddingii) and mesquite (Prosopis pubescens) now exist on the southernmost reach of the river. Tamarix invasion not only represents a deterioration of this riparian habitat, but it also represents a potential source for higher water loss from this riverine system via transpiration. Transpiration estimates for Tamarix growing on the Virgin River using the stem heat balance method have been reported to exceed potential evapotranspiration by a factor of 1.6-2.0 during hot summer months when water availability was high [Sala et al., 1996] . Irrigation studies with Tamarix on the Virgin River revealed that 87% of the variability in transpiration could be accounted for when irrigation volume, leaf area density and average ratio of height to distance of nearest neighboring trees were included in a regression equation [Devitt et al., 1997a] . It was concluded from these studies that any attempt to characterize evapotranspiration of full stands of Tamarix would require a detailed spatial assessment of stand density and an evaluation of water availability relative to atmospheric water demand as a function of time. Further studies by Devitt et al. [1997b] suggested that even after Tamarix was subjected to water deficit conditions (90% soil water depletion) in which sapflow approached zero, sapflow increased to near prestress values within 24 hours of a water application. All of these results suggest a complex approach would be required to scale transpiration estimates from the leaf/tree level to the 
Material and Methods
A field study to quantify Bowen ratio ET estimates of Tamarix ramosissima (Ledeb) was conducted during 1994-1996 along the lower Virgin River (southern Nevada). The site was located in the floodplain near the northern boundary of Lake Mead National Recreational Area ( Data were analyzed with descriptive statistics and regression analysis. Significant results were reported only when the regression coefficient had a p -< 0.05. Figures 6 and 7) . On day 161 in 1994 latent energy (LE) exceeded net radiation (Rn) between the hours of 1200 and 1500 and ET was estimated at 11.2 mm d -•. By day 184 (early July), ET estimates had dropped to 6.4 mm and LE was less than R n between the hours of 0900 and 1600. A significant decline in ET (2.8 mm) occurred by day 212 (late July), with sensible heat exceeding LE between the hours of 0900 and 1600. Finally, by day 232 (mid-August), ET had declined to a value of 0.4 mm d -• with sensible heat dominating the energy balance. In 1996, on day 160 ET was estimated at 14.7 mm and LE was significantly greater than R n between the hours of 1000 and 1800. On day 187, ET was 8.2 mm and LE exceeded R n between the hours of 1100 and 1700. By day 211, ET was still high at 8.2 mm and LE exceeded R n between the hours of 1100 and 1800. Finally, by day 230 ET was estimated at 6.4 mm, with LE still exceeding R n between the hours of 1300 and 1800.
Results

During
Advection was inferred whenever LE exceeded R n. The percentage of days (between days 120 and 300) in which daily total estimates of LE exceeded R n was 11% in 1994 and 65% in 1996. On those days in which LE exceeded Rn, The hot, dry conditions that caused temporary wilt in 1994 were representative of the entire region. However, the change in the course of the river in 1995, which hydrologically isolated a portion of the stand of Tamarix around the Bowen tower from the river was site specific. Because the change in the river course was very rapid, causing a lower water table depth (>3 m), the root system may not have initially been able to adjust quickly enough to offset plant water stress. It was estimated that the distance to the point where the river changed its course was 463 m to the north, shifting the river from 212 m to the east of the tower to 206 m to the west of the tower. Trees to the north of the 463 m mark and to the west of the 206 m mark did not demonstrate any loss or gain in canopy in 1996 in response to the change in the course of the river. It can only be speculated as to what influence trees several hundred meters from the tower might have on Bowen estimates (fetch at least 75 to 1). However, it should be noted that most Western riparian zones, particularly in desert regions, do not meet fetch requirements and that our site had an unusually wide floodplain. Therefore we would anticipate that most desert riparian corridors are often exposed to intense advection, which would tend to increase ET in those stands if water availability is high. Leaf water potential and stomatal conductance from a com- ations in surface cover will produce changes in the ET rate. Baldocchi [1989] also concluded that local advection on a scale of tens and hundreds of meters can occur as a result of differences in roughness, water status, and evaporation potential and that variation in canopy evaporation to a controlling factor will indicate how well the leaf canopy is coupled to its environment. Our results would suggest that Tamarix is closely coupled to the surrounding air, with the opening and closing of stomata controlling transpiration. This would be supported by both the 1994 data in which ET estimates dropped when R, remained high and the 1996 data in which high advective periods still did not cause Tamarix transpiration estimates to approach potential ET rates. Our results would suggest that Tamarix ramosissima can potentially be both a low water user and a high water user depending on moisture availability, canopy development, and atmospheric demand and that advection can dominate energy balance approaches to ET in the arid regions of southern Nevada.
